Topology of ATP-binding domain of adrenoleukodystrophy gene product in peroxisomes.
Adrenoleukodystrophy (X-ALD) is a demyelinating disorder characterized by the accumulation of saturated very-long-chain fatty acids (> C22:0) due to the impaired activity of lignoceroyl-CoA ligase. The gene responsible for the disease was found to code for a 84-kDa peroxisomal integral membrane protein. Its amino acid sequence has high homology with the ATP-binding cassette superfamily of transporters and it is predicted to have six membrane-spanning segments and a putative ATP-binding domain. To define the function of ALDP, we studied the topology of its ATP-binding domain by using antibodies (1D6) against a hydrophobic domain (amino acid residues 279 to 482) and antibodies (Abct) against the C-terminal 15-amino-acid hydrophilic domain (amino acid residues 731 to 745) of ALDP. The observation of punctate fluorescence in permeabilized ALD fibroblasts, using Abct antibodies but not with antibodies against catalase, suggests that the C-terminal segment of ALDP is projected toward the cytoplasm from the peroxisomal membrane. Trypsinization of intact peroxisomes under isotonic conditions abolishes the Abct antibody recognition site, whereas the 1D6 antibodies identify a degradation product of 43-kDa protein that has been protected and retained by the membrane. This again suggests that the C-terminal portion of the ALDP protein is located on the outside (cytoplasmic) face of the peroxisomal membrane. Additional support for this conclusion was obtained by purification of the ALDP C-terminal domain, released from purified rat liver peroxisomes incubated with the cytosolic fraction, using blue-Sepharose affinity chromatography. A 47-kDa peptide retained by the column was recognized by Western blot analysis with Abct antibodies against the C-terminal sequence of ALDP and this polypeptide on polyvinylidene difluoride membrane was able to bind [gamma-32P]ATP in vitro in the presence of Mg2+. These results demonstrate that the C-terminal peptide containing the ATP-binding domains of ALDP is on the cytoplasmic surface of the peroxisomal membrane where this domain may function as an ATPase to support the functional role of ALDP in the peroxisomal membrane.